PURPOSE AND OBJECTIVE
The purpose of this report is to document the results of a series of analyses that were performed to support the design of a proposed Can Handling Unit (CHU). safely opening storage cans containing plutonium metal. The CHU is described in Section 3.2.1.
The objective is to control the rate of air ingress into the storage can such that the reaction of plutonium hydride (PuH,) ,with air will not result in a rate of energy release sufficient t o overpressurize and possibly expel the remaining hydride into the glovebox atmosphere.
The subject analyses focused on determining the time to repressurize a subatmospheric storage can versus the initial hole size (i.e. puncture). In addition, the transient temperature response of a 2.2 Kg mass of plutonium to a postulated burn of 150 grams of plutonium hydride (PuH,) was analyzed. As documented in Redekopp 1997, a glovebox overpressure on the order of several psi would result if the maximum postulated amount (150 grams) of PuH and the glovebox atmosphere (i.e.; air) were mixed together in a very small time frame (the existing gloveboxes are large enough to contain enough air t o allow the hydride reaction to be carried to completion) and the heat of reaction was adiabatically deposited within a glovebox's atmosphere.
The CHU is being developed to provide personnel protection for
BACKGROUND
Various chemical reactions with plutonium metal can produce corrosion products such as, plutonium oxides, hydrides, and nitrides depending on the presence and concentrations of oxygen, nitrogen, hydrogen. The hydrides form from hydrogen that is postulated to be released from the irradiation induced degradation o f the PVC or PE bags used during the handling process and sealed within the storage container.
Plutonium is chemically a very reactive metal.
Some of these corrosion products, especially plutonium hydride are
The rate of the pyrophoric and will react very quickly when exposed to atmospheric concentrations of oxygen (approximately 21% by volume). chemical reactions depends on the local temperature and the local concentration of the various reacting species, which in turn are controlled by the mixing action of the flow fields. system thermal and pressure response are dependent on the interrelated rates of mass, momentum, and energy transport.
While opening a plutonium metal storage container, known to be paneled (buckled inward), a sparking, glowing reaction was observed and filmed at the Plutonium Finishing Plant (PFP). The rapid reaction observed was determined The effects of chemical reactions on HNF-2590, Rev. 0 to be plutonium hydride powder reacting with oxygen in air introduced as the can was punctured. Unresolved Safety Question Determination (USQD) resulted from this event and is documented by Redekopp 1997 . The USQD indicated that the potential existed for a glovebox overpressure on the order of several psi if the maximum postulated amount (150 grams) of PuH, was dispersed into and reacts with the glovebox's atmosphere (i.e., air) and the heat of reaction was adiabatically deposited within a glovebox's atmosphere. This overpressure was not bounded by the existing authorization basis.
An occurrence report was generated and a positive A positive USQD requires that a Justification for Continued Operation (JCO) with adequate compensatory measures be submitted to the Department of Energy (DOE) before operations can be resumed. handling unit (CHU) resulted as one of the proposed compensatory measures and is supported by the analyses described within this report.
The concept of the can 2 HNF-2590, Rev. 0
EXECUTIVE SUMMARY
Limiting the i n i t i a l amount of and/or r a t e a t which the reacting species are supplied, or preventing the PuH, from forming a cloud, are the only practical mechanisms t h a t can be used t o affect the r a t e of energy production based on current uncertainties regarding the corrosion products t h a t might be present in a storage can. which i s o l a t e s the storage can within an inerted Argon system during the i n i t i a l opening and gradually dilutes the i n i t i a l Argon atmosphere with standard a i r , hereby, limiting the amount of gaseous reactants, appears t o be a viable method of controlling the r a t e of the chemical reaction ( i . e . , energy production) and, hence, system temperature and pressure increase. Therefore, the proposed Can Handling Unit (CHU), If the storage can i s opened in a i r , simple thermal models (Redekopp 1997) have shown t h a t the resulting energy release and transient pressure r i s e from the chemical reactions with plutonium hydride and the i n i t i a l inrush of a i r are sufficient t o produce a short duration flow of hot gas out of the can. The simple thermal analyses discussed within t h i s report do n o t address t h i s scenario. More detailed models and analyses are required t o investigate the thermal and pressure transients given the i n i t i a l opening of storage can in a i r . I t i s postulated t h a t the velocity of the outflow f a l l s within the envelope of velocities and r a t i o s of flow rate-to-mass being transported t h a t are considered necessary t o suspend and convey some PuH, pqwder o u t of the can. There are several qualitative factors (such as transient versus steady s t a t e , the i n i t i a l pressures, free volume, geometry of the powder bed, r a t e s of various chemical reactions, e t c . , ) that will influence the actual entrainment and potential expulsion.
ANALYSIS METHODOLOGY AND ASSUMPTIONS
As documented in Redekopp 1997, a glovebox overpressure on the order of several psi would result if the maximum postulated amount (150 grams) of PuH, and the glovebox atmosphere (i.e., air) were mixed together in a very small time frame and the heat of reaction was adiabatically deposited within a glovebox's atmosphere.
The assumption that all of the energy from a chemical reaction is deposited adiabatically within the glovebox atmosphere is conservative. If the hydride is reacted within the storage can and because of the relatively high thermal conductivity of Pu metal, it is expected that much of the energy from a hydride burn would be deposited within the Pu metal mass and will be gradually released to the surrounding system.
3.1
opening a plutonium metal storage container, known to be paneled (buckled inward), a sparking, glowing reaction was observed and filmed at the Plutonium Finishing Plant (PFP). rate of energy production from chemical reactions during the initial opening of the storage can.
The CHU, as designed, will control the rate of air ingress to the storage can, such that the reaction of plutonium hydride (PuH,) with air will not result in a rate of energy release sufficient to overpressurize and possibly expel the remaining hydride into the glovebox atmosphere. employs two methods for controlling air ingress.
PROBLEM DEFINITION AND REQUIRED ANALYSES
Plutonium is chemically a very reactive metal. Earlier this year while A solution was determined to lay with reducing the The CHU These are:
1.) Use of inerted cover gas to control the concentration of air.
2.) Decrease the supply rate for air by use of a small hole size Both of these methods are expected to be very effective in controlling the rate at which air can be supplied to react with the postulated 150 grams of PuH, within the storage can. chemical reactions will be reduced and overpressurization of the storage can be avoided.
A simple axi-symmetric thermal model was constructed of a glovebox containing a storage can with a 2.2 kg mass of Pu metal within a CHU. heat source was assumed to be from nuclear decay and chemical reactions. nuclear decay heat was assumed to remain constant at 15 watts for the 2.2 Kg mass. at which air is supplied to the storage can. calculation that was performed to determine the rate of energy production for a diffusion limited supply rate for air and reactant mass limitation of 150 4 for the initial opening of the storage containers Hence, the rate of energy production from
The The
The rate of chemical energy generation will vary depending on the rate Appendix A documents the HNF-2590, Rev. 0 grams of PuH,. calculate the energy associated with a chemical reactions as a function of time for a postulated burn of 150 grams of PuH,.
Description of Can Handling Unit (CHU)
A user FORTRAN subroutine (Appendix 6) was written to A conceptual design of the can handling unit (CHU) is presented by
The CHU dimensions will be approximately 12" X 16" X Figure 1 . The CHU will be used for the initial opening storage cans that contain plutonium metal. 6" and will be constructed from 16 gage stainless steel. The CHU will be water tight. have an oxygen monitor, a pressure/vacuum gauge, and a thermocouple (to measure can temperature). the unit. air into the CHU. occupies about 50% of the free volume in the storage can.
A hand puncturing device (with 3 points 1/4" diameter) will be used to puncture each can. different can sizes that have been used to store plutonium metal. This is especially important for those storage containers with multiple layers of nested cans. removed using a can opener prior to puncturing and removing the upper lid from the innermost can.
The box will have a Lexan window on the front. The unit will
The unit will have a small pump capable of 0.2 scfm maximum flow Both argon and normal glovebox air will be piped to
The maximum allowable mass of plutonium (2.2 Kg) metal The CHU will be capable of accommodating and puncturing It is anticipated that each can layer will be sequentially 3.1.2 Description of the Glovebox Thermal Model thermal model of a glovebox with a storage can was constructed using the HEATING 7.2 computer code (Childs 1993) . state and transient heat conduction problems only for one-, two-, or threedimensional Cartesian, cylindrical, and spherical coordinates. No flow fields or species concentrations were solved for. thermal radiation and convective heat transfer from both forced and natural circulation flow fields can be incorporated into the heat transfer coefficients that are applied to the various surfaces. The effects of mass transport have been incorporated into the production rate of chemical energy.
The glovebox was assumed to be 8 feet wide, 4 feet high, and 4 feet deep for an internal volume of 128 cubic feet. An equivalent radius of 3.1915 feet was derived for a given height of 4 feet. The storage can was assumed to be centered and resting on the lower internal surface of the glovebox. Contact resistance between the storage can and the glovebox was not modeled.
The plutonium storage can was assumed to be similar to a small "soup"
A very simp1 e axi-symmetric (cy1 indrical coordinates) fini te-di fference The HEATING 7.2 code solves steadyHowever, the effects of both can with an outer diameter of 2.625 inches and a overall height of 2.875 inches. Wall thickness was assumed to be 0.009 inches. The upper and lower surfaces were sealed using an overwrapped interlocking lip seal that results in a small (0.110 inches) raised rim. It is important to note that this rim r e s u l t s i n a very small bottom gap between the storage can lower outer surface and the glovebox. thermal tests showed the importance of modeling the lower gap.
Simulation r e s u l t s (Heard 1997 ) of recent storage can
The storage can was assumed t o contain a 2.2 Kg piece of plutonium metal c a s t i n the form of a right circular cylinder. The density of the metal was assumed t o be 18.9 g/cm3, which r e s u l t s i n a Pu metal volume of approximately 116.4 cm3. A radial gap of approximately 0.3 inches between the outer surface of the Pu metal and inner surface of the storage can was derived using an assumed Pu diameter of 2 inches. An axial gap of approximately. 0.376 inches can be derived from the previous information.
The energy transport within the storage container was assumed t o occur due t o conduction and surface-to-surface thermal radiation across the various sized a i r gaps. The storage container internal gaps were assumed t o be small enough t h a t the a i r was assumed t o be stagnate ( i . e . , no convective heat transfer).
glovebox incorporated convective heat transfer terms f o r natural circulation based systems, a s well as conduction and thermal radiation.
f o r the natural circulation heat transfer correlations were obtained from Holman (Table 7- 2, 1990 ).
Heat transfer from the outermost surfaces of the glovebox was assumed t o occur via natural convection and thermal radiation t o a ambient temperature of 77 F (25 C, 298.16 K).
s t a i n l e s s s t e e l o r white oxidized aluminum, 0.80 f o r glass, 0.05 f o r tinplated mild carbon s t e e l ( i . e . , the storage can). The low value of emissivity f o r provides a limiting case, since oxidized tin-plated mild carbon steel can be expected t o have emissivities and resulting radiative heat transfer well i n excess of t h i s value.
Energy transport external t o the storage can and internal t o the The coefficients
The assumed emissivities were as follows: 0.25 f o r bright shiny
METHODOLOGY
The r a t e of energy production from reactions w i t h plutonium hydride 1. The amount and form of the plutonium hydride powder can be such t h a t only a small fraction of the maximum postulated 150 grams may be present o r i n a form available t o react a t any one time.
2. The i n i t i a l amount and r a t e a t which the reacting species ( i . e . , atmospheric gases) i s supplied t o the plutonium hydride powder can be limited.
(PuH,) powder can be controlled a s follows; 3. The initial temperature is maintained low enough to prevent the reaction from occurring at a rate greater than the ability to reject the rate of energy production.
Limiting the amount and form of the plutonium hydride powder cannot be applied to this problem; since, experience has shown that Plutonium Hydride (PuH,) ,will be in the form of a fine powder and the initial amount of plutonium hydride within a closed container cannot be readily determined. Therefore, a maximum amount of 150 grams of PuH, was assumed to exist within the storage cans based on the presence of various sources of hydrogen (PVC and PE bags and some initial trace amount of water).
Two additional analyses were performed to investigate the effects associated with item number 2 from above. The first analysis used the glovebox thermal model, as described in Section 3.1.2, to determine the temperatures obtained from a postulated burn of 150 grams of PuH, within a storage can. The second analysis, used a MATHCAD model (See Appendix C) to determined the time versus hole size required to return a subatmospheric can to full atmospheric pressure.
The first analysis determined the time required to react 150 grams of PuH, and maximum temperatures that could occur within a storage can with a convection and diffusion limited source o f air. This analysis assumed that all of the PuH, remained within the storage can and was not expelled into the glovebox's atmosphere as previous analyses had assumed. simulated the initial opening of the storage can within an inerted CHU, the slow dilution of the CHU's initial atmosphere with air (0.2 CFM), and diffusion of air into the storage can. be punctured in an inerted atmosphere to initially vent or repressurize the can.
The second analysis determined the time versus hole size required to return a subatmospheric can to full atmospheric pressure. limits that rate at which air can be transferred into the storage can and, therefore, limits the rate of energy production due to chemical reactions.
air ingress is at sonic velocities and the balance occurs based on the Bernoulli Equation for a given pressure differential.
This analysis
Three 1/4 inch holes were assumed to
Smaller hole size
The second analysis is based on the assumption that the first 53% of the
ASSUMPTIONS AND LIMITATIONS
The following items summarize the major assumptions, limitations, and 1.) A coupled thermal-hydraulic analysis (i.e., heat, mass, and momentum) simulating the initial opening of a storage can within an inerted CHU was not performed. performed was judged to be conservative for analyzing the initial 7 technical bases for the subject analyses;
The simple thermal analysis that was HNF-2590, Rev. 0 opening of a storage can within an inerted CHU. long as the mitigating affects of increasing pressure within the storage can as a r e s u l t of the chemical reactions are not accounted for. (Increased internal pressure will reduce the pressure differential and, hence, the rates of a i r inflow and chemical reactions within the storage can will be reduced.) 2 . ) If the storage can i s opened in a i r , simple thermal models (Redekopp 1997) have shown that the resulting energy release and transient pressure r i s e from the chemical reactions with plutonium hydride and the i n i t i a l inrush of a i r are sufficient t o produce a short duration flow of h o t gas o u t of the can. discussed within t h i s report are not adequate t o address t h i s scenario. investigate the thermal and pressure transients given the i n i t i a l opening of storage can in a i r .
. )
The storage can was assumed t o be fabricated from bright tin-plated carbon steel with a normal hemispherical surface emissivity of 0.05.
This i s possible as
The simple thermal analyses 
RESULTS
The following results were obtained from the simple models constructed to simulate the process of the initial opening of a sealed storage can within an inerted CHU. Figure 4 -1 presents the time at choked flow and the time to reach 95% of atmospheric pressure for a pressure differential of 14.7 psi. For a hole size of 5 mm (0.197 inches) the time to reach 95% of atmospheric pressure is on the order of 0.02 seconds. For a much smaller hole size of 0.25 mm (0.0098 inches, i:e., 10 mils) the time to reach 95% of atmospheric pressure is on the order of 18 seconds. Therefore, the smaller the hole size is during the initial opening, the longer it takes to provide reactants for the hydride reaction. Therefore, since the rate of reaction i s dependent on the concentration of air, the smaller the initial hole size the slower the reaction rate. By limiting the amount of reactants available for the hydride reaction, the rate of energy production can be controlled and the transient temperature rise can be minimized.
TIME TO FILL VERSUS HOLE SIZE

DIFFUSION LIMITED HYDRIDE REACTION
Transient Temperatures
Figure 4-2 presents the peak transient temperature versus time for a CHU positioned within a glovebox given an initial opening of three holes each 0.25 inches in diameter. approximately 710 O K (819 OF). This is considerable less than previous estimates.
The rate at which air is transported into the storage can and, hence, rate of energy production, is based on diffusion and convective mechanisms; where the nominal diffusion length is approximately 1 cm. rate at which mass is added to the system, the rate o f energy production is reduced and the peak transient temperature is reduced. that approximately 1260 seconds are required to completely react 150 grams of PuH, given the nominal diffusion length of 1 cm.
After one-and-a-half hours of simulated cooling, the peak transient temperature has decreased to approximately 426 O K (307 OF), which can be compared to the initial peak temperature of 392 "K (246 OF).
The peak transient temperatures was predicted to be
By limiting the Appendix A indicates
Energy Transport
An energy balance was performed at each time step during the above transient analysis. of the total energy that is produced by nuclear decay heat and the hydride surface reaction is deposited within the plutonium button and gradually released over time.
A review o f the results indicate that approximately 89%
This is plausible given the high thermal conductivity of the plutonium metal. The plutonium button acts like a energy sink and wicks the energy produced by the plutonium hydride reaction away from the reaction site.
Approximately 70% of the energy deposited within the plutonium button is removed via conduction through the bottom of the storage can and eventually by convective and radiative means from the lower outside surface o f the glovebox. Approximately 25% is removed via the sides of the plutonium button and the remainder of 5% is removed from the upper surface. Analysis has shown that if the plutonium storage can is allowed to equalize pressure in an inert atmosphere so that the initial inrush of reactive gases i s avoided, the reaction rate can be controlled by slowly diluting the inerted atmosphere with air. The rate of energy production will be slow enough using this method that enough energy can be deposited within the plutonium metal button within the can and slowly transferred to the surrounding ambient environment such that an glovebox overpressure event will not occur. The results are considered conservative given that the model did not account for the mitigating affects of atmospheric heating which will limit the amount of air entering the storage can.
previously (Redekopp 1997) shown that the resulting energy release and transient pressure rise from the chemical reactions with plutonium hydride and the initial inrush of air are sufficient to produce a short duration flow of hot gas out of the can. within this report are not adequate to address this scenario. More detailed models and additional analyses are required. to investigate the thermal and pressure transients resulting from an initial opening o f a storage can in air. It is postulated that the velocity of the outflow falls within the envelope o f velocities and ratios of flow rate-to-mass being transported that are considered necessary to suspend and convey some PuH, .powder out of the can. There are several qualitative factors (such as transient versus steady state, the initial pressures, free volume, geometry of the powder bed, rates of various chemical reactions, etc.,) that will influence the actual entrainment and potential expulsion.
If the storage can is opened in air, simple thermal models have
The simple thermal models and analyses discussed This calculation assumes that at the start of the reaction the can has 3 -114 in holes punched in the top and is in a device called the Can Handling Unit (CHU), which has been inerted with argon while the holes are punched in the lid. Subsequent to punching the holes in the can the CHU (which had been inerted with argon) is supplied with air at a rate of . 2 scfm. As the air concentration builds up in the CHU the assumption is made that it will begin by diffusing into the holes in the can and reacting with the hydride. This calculation shows that as the contents of the can heat up due to the reaction of the hydride, that bouyancy based driving forces take over and drive the reaction to completion in a controlled, but expedant manner. The reaction energy calculations arebased on data provided by Thurman Cooper Firs define some constants and parameters of the problem. A-2
Define a program to compute the end point temperature reached by the plutonium button in the can due to the reaction of the plutonium hydride in the can with both the oxygen and the nitrogen in the air. The assumption is made that the can handling unit is initially filled with Argon and then air is bled in at the rate of .2 CFM to react with the hydride. This program should also return the time required to react all the hydride powder the an indication of whether the flow is turbulent or laminar (reynolds number) and the total air required as a function of the inventory of hydride powder in the CHU "M in grams"
This program makes use of approximation, the derivation which is in "Boundary Layer Theory" by Schlichting. The approximation is that for flow conditions which are represented by very small velocities and considerable temperature differences which is the case for this condition that Gr (Grashof #) = Re2 (Reynolds #squared). This leads to the expression for the air mass flux as a sum of both the diffusion terms as well as the bulk velocity. This is taken from the formulation presented in "Transport Phenomenon" Bird Stewart and Lightfoot. Provisions have also been added to make the characteristic length and differential time step as an argument. This allows the diffusion only case to be run for comparison purposes, as well as showing that for reasonable values of characteristic length the results are quite similar.
Equating the grashof number to the reynolds number squared results in this eqn pzgp(T-TO)L3/pz = (VLp/p)z
Note that p=ITro
After canceling out the density and viscosity terms the remaining equation is a relationship for a charcteristic velocity as a function of temperature differences, a characteristic length, and the acceleration of gravity.
This term is used as the velocity term for convective movement of air into the can in the CHU. It is added directly to the diffusion velocity.
V=sqrt(gL(T-T,)/T,)
Additional parameters that are required to characterize the flow in terms of buoyancy forces are the acceleration of gravity and a characteristic length. The characteristic length will be chosen as I mm. ga = 9.8 dsec2 gravitational acceleration Lchar .001 m characteristic length for free convection process Input arguments to the program are the mass of hydride to be reacted, characteristic length for the convective process, and time step for the iterative loop respectively.
The output vector elements are the time required to consume the hydride, the adiabatic endpoint temperature of the button, The amount of air consumed in millimoles, the number of iterations and the Reynolds number from top to bottom.
A-3 HNF-2590, Rev. heatgn(rvalue,r,th,z,tim,tsn,value,number,n,arg,val,   . ntbprs,ntab,hival,loval)   1   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page I of 3 pages This calculation is being done to support the design of a Can Handling Unit (CHU) which will be used to expose Plutonium Hydride to air in a controlled manner. The objective is to control rate of air ingress to the can such that the reaction of this Pyrophoric material with the air won't result in a rate of energy release which will result in pressurization of the can and the subsequent expulsion and reaction of the can contents with the air in the CHU. lt is postulated that the original proposal to place 3 .25" holes in the lid of a can with 150g of IJlutonium hydride in the can will result in the can filling up with air prior to any reaction taking place, and the subsequent reaction will result in energy being generated at a irate that exceeds the capacity of the surroundings to absorb and dissipate it. Define a program to return the Time required fill the can up to 95% of atmospheric pressure as a function of hole diameter biased on the premise that the first 53% of the air ingress is at sonic velocities and then the balance occurs by simple Bernoulli's equation pressure loss. The calculation will be done on an isothermal basis, since the whole objective is to slow the ingress of air down to the point that significant reaction can take place in the can before all the air has been sucked in. 
